INTRODUCTION
Primary hypothyroidism constitutes the main cause of thyroid dysfunction among women of reproductive age. 1 In addition, thyroid autoimmunity (TAI), defined as the presence of auto-antibodies against thyroglobulin (TgAb) and/or thyroid peroxidase (TPOAb), has been estimated to affect 5-20% of childbearing age women. 2 There is evidence that pregnancy exerts a stressful impact on the thyroid gland, resulting in alterations of iodine economy and thyroid function. 3, 4 It is in this context that primary hypothyroidism is commonly diagnosed in pregnant women, with an estimated prevalence of 0.4% and 3% for clinical and subclinical hypothyroidism, respectively. 5 Although titers of thyroid auto-antibodies have been found to decrease by 50% during pregnancy, 6 it is estimated that 16% of euthyroid pregnant women with TAI will develop hypothyroidism during pregnancy. 7 Both hypothyroidism and TAI have been associated with adverse pregnancy outcomes. Untreated clinical hypothyroidism in pregnancy has been associated with an increased risk of congenital abnormalities, miscarriage, premature birth, low birth weight, perinatal mortality and gestational hypertension. 5 Untreated subclinical hypothyroidism has been associated with an increased risk of perinatal mortality and pre-eclampsia. 8 Finally, TAI per se has been associated with an increased risk of premature birth, miscarriage and perinatal mortality. 8, 9 Though causality remains unclear, the association of TAI with adverse pregnancy outcomes has been attributed to impaired thyroid function in the presence of TAI, co-existence of other autoimmune diseases and direct action of thyroid auto-antibodies on the reproductive tissues, such as ovary, endometrium and placenta. 10 Despite this association between hypothyroidism/ TAI and adverse pregnancy outcome, little is known about the thyroid parameters that can predict such an outcome. 11, 12 The aim of this prospective study was to examine whether the concentrations of maternal serum TSH and fT4 through pregnancy, the presence of TAI or the dose of levo-thyroxine (LT4) replacement can predict the occurrence of maternal or fetal/neonatal complications in pregnant women treated for hypothyroidism.
PATIENTS AND METHODS

Type of study type
A prospective, cohort, clinical study.
Setting
Patients were recruited from the outpatient clinics of the Unit of Reproductive Endocrinology, First Department of Obstetrics and Gynecology, Aristotle University of Thessaloniki, Greece, which is a tertiary, referral center for women with endocrine and metabolic complications of pregnancy. The study protocol was approved by the Bioethics Committee, Aristotle University of Thessaloniki.
Patients
The study included 92 consecutive cases of pregnant women with primary hypothyroidism during the period January 2007 -December 2010. Inclusion criteria were: i) primary hypothyroidism diagnosed before or during index pregnancy, on LT4 replacement, and ii) singleton pregnancy. Exclusion criterion was presence of co-morbidities, such as type 1 or type 2 diabetes mellitus or gestational diabetes (GDM) in the index pregnancy, as they might have introduced bias. Possible subsequent pregnancies in the same women during the study period were also excluded so that each woman participated in the data analysis only once.
Study parameters
In all pregnant women, the following parameters were recorded during their first antenatal evaluation: type of conception (spontaneous/assisted), maternal age at conception, height, pre-pregnancy weight, body mass index (BMI), current smoking status (yes/no), parity (categorical: 0, 1, 2), history of spontaneous miscarriages (categorical: 0, 1, 2), history of recurrent miscarriages (yes/no), history of preterm deliveries (yes/no) and family history of thyroid dysfunction (yes/no). Weight gain was recorded throughout the index pregnancy. The main hormonal parameters evaluated were: i) maternal serum TSH and free thyroxine (fT4), ii) thyroid auto-antibodies (TPOAb and TgAb) and iii) doses of LT4 replacement.
Follow-up protocol
Women were followed up every four to six weeks until delivery. In those with hypothyroidism diagnosed during pregnancy, LT4 substitution was initiated at first antenatal visit. Maternal serum TSH and fT4 evaluation was performed at four-week intervals after LT4 initiation or dose adjustment and at least once in each pregnancy trimester. All women were instructed to have a postnatal thyroid function evaluation at six weeks after delivery.
Assays
Serum samples were analyzed at the biochemical laboratory of the "Papageorgiou" General Hospital, Thessaloniki, Greece. A third generation chemiluminescent immunometric assay (Immulite 2000, Siemens, Germany) was employed for serum TSH (reference range 0.4 -4 μIU/ml). Serum fT4 was measured using chemiluminescent competitive immunoassay (Immulite 2000, Siemens, Germany) with a reference range of 0.89 -1.76 ng/dl. The intra-assay coefficient of variation (CV) for TSH and fT4 was 3.9% and 4.8%, respectively. Determination of TgAb and TPOAb was made by the Micro-Enzyme Immunoassay (ELISA) method (Varelisa, EliA, Sweden Diagnostics, GmbH, Freiburg, Germany).
Primary and secondary outcomes
The primary outcomes of the study were the occurrence of i) any type of complication (combined outcome), ii) maternal complications and iii) neonatal complications. Maternal complications included pregnancy-induced hypertension, pre-eclampsia, placental abruption, poly-hydramnion, oligoamnion and hyperemesis gravidarum. Though the latter has been strongly associated with overt hyperthyroidism, it can also be a result of high hCG concentrations at the end of the first trimester and its homology to TSH. Neonatal complications included jaundice, tachypnoea, respiratory distress syndrome, hypothyroidism and inguinal hernia. Secondary outcomes were the occurrence of: i) pregnancy loss (any abortion or intra-uterine death from clinical pregnancy to delivery) and ii) miscarriage (any abortion from clinical pregnancy until gestational week 22).
Statistical analysis
The Kolmogorov-Smirnov and Shapiro-Wilks tests were applied to verify the normal distribution of continuous variables. Continuous variables were expressed as mean ± standard deviation (SD), if normally distributed, and as median (minimummaximum), if not normally distributed. Categorical variables were expressed as absolute numbers and percentages. The t-Student or Mann-Whitney tests were used for comparison of the means in continuous variables between two groups. The chi-square test was used for comparison of ratios in categorical variables. Univariate and multivariate logistic regression models were built to model the relationship between study outcomes and one or more explanatory variables, respectively. Statistical significance level was set at p <0.05. All analyses were performed using SPSS 17 (SPSS Inc, Chicago, Ill, USA).
RESULTS
Obstetrical characteristics
The mean age of the studied women was 32 ± 4 years with a pre-gestational BMI of 23 (17 -39) kg/ m 2 . Total weight gain during pregnancy was 13 (4 -30) kg. Forty-eight percent were nulliparous and 13% became pregnant after in vitro fertilization (IVF). A history of spontaneous miscarriage, recurrent miscarriage or preterm delivery was recorded in 33%, 17.6% and 9.8% of the studied women, respectively. The mean birth weight was 3086 ± 444 g.
Thyroid characteristics
Primary hypothyroidism was diagnosed either before (n = 78, 84.8%) or during (n = 14, 15.2%) index pregnancy. In nine out of fourteen women with newly diagnosed hypothyroidism, the diagnosis was made during the first trimester (mean 8. 
Primary outcomes
Study outcomes are demonstrated in Figure 1 . Predictive factors for primary study outcomes (maternal, neonatal and combined complications) are presented in Table 1 . Presence of TAI did not differ significantly between the women who developed or did not any type of complication. The same was true for maternal f 4 concentrations and LT4 doses, either before or throughout pregnancy. On the other hand, pre-gestational TSH was marginally higher in women who developed any type of complication (combined outcome) as compared to women with uncomplicated pregnancies. In a similar way, a history of preterm delivery was significantly more common in women who developed any type of complication (combined outcome) as compared to women with uncomplicated pregnancies. Finally, pre-gestational BMI was significantly higher in women who developed maternal complications and gestational week at delivery was lower in pregnancies that resulted in neonatal or any type of complication (combined outcome), as compared to women with uncomplicated pregnancies. All main study outcomes remained unchanged after a sensitivity analysis that excluded women that underwent IVF (12 women, 13% of the studied sample). The only exception was pre-gestational TSH for the combined outcome, which reached statistical significance [4.55 (1.50 -9.24) vs. 1.67 (0.03 -18.10), p = 0.039].
Secondary outcomes
Predictive factors for secondary study outcomes (pregnancy loss and spontaneous miscarriage rates) are presented in Table 2 .
Logistic regression models
In univariate models (Table 3) , history of preterm deliveries, pre-gestational dose of LT4 and gestational week at delivery were significantly different in women who developed any type of complication. In multivariate models, only dose of LT4 retained its significance. Pre-gestational BMI was significantly higher in women who developed maternal complication, but it did not retain its significance in the multivariate model. Finally, gestational week at delivery was significantly lower in women who developed neonatal complication, but it did not retain its significance in the multivariate model.
DISCUSSION
Aim and main findings. This prospective study of pregnancies treated for maternal hypothyroidism aimed to examine whether thyroid parameters (concentrations of serum TSH and fT4, presence of TAI and dose of LT4 replacement), recorded before and throughout pregnancy, can predict the occurrence of maternal or fetal/neonatal complications. None of the evaluated thyroid parameters was significantly associated with the occurrence of any type of complication. On the other hand, pre-gestational BMI and history of preterm deliveries were significantly associated with an increased risk of maternal and combined maternal/ neonatal complications, respectively. In addition, the risk of neonatal complications increased significantly with decreasing gestation week at delivery.
Interpretation of the findings. The results of this study indicate that in women with adequately treated hypothyroidism, thyroid parameters do not provide a significant contribution in predicting the occurrence of maternal or fetal/neonatal complications.
Pre-gestational TSH was marginally higher in pregnancies affected by both maternal and/or neonatal complications (combined outcome) in comparison to unaffected pregnancies. In this setting, it seems plausible to state that pre-gestational TSH concentrations are stronger predictors of pregnancy outcome as compared to TSH concentrations during pregnancy. The latter are a result of the uniform application of the Endocrine Society's guidelines 13 according to which first trimester TSH concentrations should be <2.5 mIU/ml. As a direct consequence, confirmation of pregnancy resulted, in the majority of cases, in an increase in LT4 doses and a decrease in maternal TSH concentrations. Nevertheless, even pre-gestational TSH is far from being significant in the prediction of serious adverse outcomes, such as pregnancy loss or miscarriage.
Comparison with the literature. Two studies aimed to indicate thyroid parameters that could predict the outcome of pregnancies complicated by hypothyroidism. In the first study, Ashoor et al 11 demonstrated a significant association between low maternal fT4 during the first trimester and fetal loss, in pregnancies complicated by subclinical hypothyroidism. In the second study by Benhadi et al, 12 maternal TSH was significantly associated with the occurrence of pregnancy loss in pregnant women without overt hypothyroidism. No significant association was reported between maternal fT4 and pregnancy loss.
Our study was designed to indicate predictors for pregnancy complications, whereas fetal loss was only a secondary aim.
Two recently published meta-analyses conclude that presence of TAI is associated with an increased risk of miscarriage, perinatal mortality and preterm delivery, 8, 9 whereas no association is reported for maternal or neonatal adverse outcomes. 8 In our study of women with treated hypothyroidism, presence of TAI was not significantly associated either with increased risk of miscarriage or with the occurrence of maternal or neonatal complications. A possible explanation may be found in the study of Negro et al, 14 which demonstrated that administration of LT4 in euthyroid pregnant women with positive TPOAb decreases the risk for miscarriage and preterm deliveries.
This study did not use a control group; nevertheless, it allowed for a direct comparison of complications between pregnant women with or without hypothyroidism. It reported a low incidence of maternal and fetal/neonatal complications. Abalovich et al 15 demonstrated that adequate LT4 replacement during pregnancy minimizes the risk of miscarriage and preterm delivery. In a study of Tan et al, 16 pregnancy-related complications of the mother and the fetus/neonate were compared between 419 women with treated hypothyroidism and 20,080 without hypothyroidism. The study concluded that treated hypothyroidism was not associated with an increased risk of maternal or neonatal complications. Similar results were reported in a study by Matalon et al. 17 Strengths and limitations. The main strength of this study is its prospective nature that allowed for multiple thyroid function determinations throughout pregnancy. The main limitation is its rather small sample size. If a larger sample of women had been involved, selected parameters (e.g. pre-gestational TSH concentration) might have proved to be significant predictors of the outcome. Nevertheless, the study has been sufficiently powered to demonstrate the significance of parameters, such as pre-pregnancy BMI and gestational week at delivery. Thus, even if specific thyroid parameters could predict the outcome of a pregnancy, its contribution would most likely be weak.
Conclusions. This study on pregnant women treated for hypothyroidism: 1) found no evidence that maternal TSH/fT4 through pregnancy, presence of TAI or dose of LT4 replacement can predict the occurrence of maternal or fetal/neonatal complications; 2) found 
